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THE SERUM CALCIUM IN WHOOPING COUGH.
INTRODUCTION.
Whooping oough i s  a s p e c i f i c  I n f e c t i o u s  d i s e a s e  c h a r a c t e r ­
iz e d  by c a t a r r h  o f  t h e  r e s p i r a t o r y  t r a c t  and by paroxysm s o f  
cou gh in g  t e r m i n a t i n g  i n  a "whoop". In  a d d i t i o n  t o  tjie  l o c a l  
m a n i f e s t a t i o n s  t h e r e  i s  some d e g re e  o f  to x a e m ia ,  and th e  
n e rv o u s  sys tem  i s  p ro fo u n d ly  a f f e c t e d .  There  i s  l i t t l e
doub t t h a t  t h e  vagus and r e c u r r e n t  l a r y n g e a l  n e rv e s  a re  p a r t i c ­
u l a r l y  i r r i t a t e d  by th e  t o x i n ,  and t h i s  a lo n e  may be s u f f i c i e n t  
to  a cco u n t  f o r  th e  paroxysm  and th e  su b se q u e n t  v o m it in g .  Some 
b e l i e v e  t h a t  th e  c au se  o f  the  whoop i s  th e  a c t i o n  o f  t o x i n s  on 
th e  s p i n a l  cord  and t h a t  t h i s  c a u se s  a r e f l e x  a c t i o n  w hich  i s  
t r a n s m i t t e d  th ro u g h  th e  vagus to  th e  lu n g s  and l a r y n x .  I t  has  
a l s o  been  s t a t e d  t h a t  th e  whoop i s  due to  th e  e n la r g e d  b r o n c h i a l  
g l a n d s ,  (w h ich  a re  c h a r a c t e r i s t i c  o f  th e  d i s e a s e )  p r e s s i n g  on 
th e  vagus  and r e c u r r e n t  l a r y n g e a l  n e r v e s .
I n  some o a s e s  th e  n e rv o u s  i r r i t a b i l i t y  i s  so marked t h a t  
a to u ch  o r  t h e  t u r n i n g  o f  t h e  p a t i e n t  i n  bed w i l l  e x c i t e  th e  
whoop. C o n v u ls io n s  a re  f r e q u e n t l y  o b se rv ed  i n  whooping cough, 
more commonly i n  s e v e re  c a s e s  o f  th e  d i s e a s e ,  bu t  in  a few 
i n s t a n c e s  even in  m ild  c a s e s ,  and f r e q u e n t l y  even  a s l i g h t  
s t im u lu s  w i l l  induce  on e . These c o n v u ls io n s  were a t t r i b u t e d ,
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by t h e  o l d e r  w r i t e r s  to  a s p h y x ia ,  c e r e b r a l  h aem orrhage , men­
i n g i t i s ,  and e n c e p h a l i t i s ,  b u t  Ker s t a t e s  t h a t  d e f i n i t e  p a th o -  
l o g i c a l  l e s i o n s  have r a r e l y  been  found i n  th e s e  c a s e s .
From the  above i t  w i l l  be se en  t h a t  i n  most c a s e s  o f  
w hooping  cough t h e r e  i s  a marked h y p e r e x c i t a b i l i t y  o f  th e  
n e rv o u s  sy s te m , w hich  i s  due p ro b a b ly  to  th e  a c t i o n  o f  t o x in s  
p ro d u ce d  by th e  o rg an ism  w hich  c a u s e s  th e  d i s e a s e .  I t  i s  an 
e s t a b l i s h e d  f a c t  t h a t  i n  many c a s e s  o f  I r r i t a b i l i t y  o f  t h e  
n e rv o u s  sys tem  t h e r e  i s  a d e f i n i t e  u p s e t  i n  th e  oa lo ium  m e ta ­
b o l i s m ,  and i t  was d e c id e d  t h e r e f o r e  to  e s t im a te  t h e  serum 
c a lc iu m  i n  a s e r i e s  o f  c a s e s  o f  whooping cough -  a d i s e a s e  w hich  
on a c c o u n t  o f  i t s  n e rv o u s  m a n i f e s t a t i o n s  m ight be e x p e c te d  to  
f u r n i s h  i n s t r u c t i v e  and i n t e r e s t i n g  d a ta  i n  t h i s  d i r e o t i o n .
ORIGIN AND CHEMISTRY OF SERUM CALCIUM.
C alc ium , i n  th e  human body, i s  d e r iv e d  c h i e f l y  from m ilk ,  
g re e n  v e g e t a b l e s ,  an im al t i s s u e s  and b lo o d .  I t  i s  ab so rb ed  i n  
th e  form o f  s o l u b l e  c a lc iu m  p h o s p h a te ,  and i s  e x c r e t e d  m ain ly  
i n  th e  f a e c e s  and to  a s l i g h t  e x t e n t  i n  th e  u r i n e .  In  h e a l t h  
i t  h a s  been shown t h a t  c a lc iu m  i s  p r e s e n t  i n  th e  b lood  in  v e ry  
c o n s t a n t  am ounts , the  norm al serum c a lc iu m  i n  h e a l t h  b e in g  10 
m il leg rsm m es  p e r  100 c u b ic  c e n t i m e t e r s  and a n y th in g  below 9 mg.
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p e r  100 o c .  o r  above 11 mg. p e r  100 e c .  I s  abnorm al. A serum 
c o n te n t  so c o n s t a n t  a s  t h i s  p o i n t s  to  some mechanism w hich  
r e g u l a t e s  th e  a b s o r p t io n ,  e l i m i n a t i o n  and d e p o s i t i o n  o f  c a lc iu m , 
and t h i s  c o n s ta n c y  s u g g e s t s  t h a t  oa lo ium  p l a y s  an  im p o r ta n t  
p a r t  i n  th e  l i f e  o f  th e  i n d i v i d u a l .  I t  i s  th u s  assumed t h a t
th e  c a lc iu m  o f  th e  b lood  can  be ta k e n  a s  sn  ind ex  o f  th e  c a lc iu m  
in  th e  body i n  g e n e r a l .
We w i l l  now c o n s id e r  b r i e f l y  th e  s t a t e  in  w hich  c a lc iu m
( 2 )
e x i s t s  in  th e  b lo o d .  A cco rd ing  to  Howland t r i c a l c i u m
p h o sp h a te  Ca3 ^ ^ 4 )3  i s  Pr ©sent i n  th e  serum , b u t  i t  i s  r e l a t ­
i v e l y  i n s o l u b l e ,  g iv in g  r i s e  to  f r e e  c a lc iu m  i o n s .  Under th e  
i n f lu e n c e  o f  th e  c a rb o n ic  a c id  o f  th e  p lasm a i t  i s  c o n v e r te d  
i n t o  th e  more s o lu b l e  c a lc iu m  b ic a r b o n a te  Ga (H and
c a lc iu m  hydrogen  p h o sp h a te  Ca H P 0^ i n  a cc o rd a n c e  w i t h  th e  
e q u a t i o n : -
Ca „ (PO.) +  2 H C0„ t Z  8 0> E Pt 0 +  Oa ( H C O  )3 * 2  2 3 4 3 2
Z Z  B 2 H P 0 ~  +  Ca-'"*’ - f-  8 H C 0 ”4 3
I t  i s  o b v io u s  t h a t  th e  amount o f  th e s e  s o lu b le  c a lc iu m  s a l t s  
p r e s e n t  i n  th e  b lood  and c o n s e q u e n t ly  t h e  amount o f  c a lc iu m  i n  
th e  a c t i v e  i o n i c  fo rm , w i l l  depend on th e  c a r b o n ic  a c id  t e n s i o n .  
I f  f o r  any r e a s o n  th e  c a r b o n ic  a c id  t e n s i o n  i s  red u c ed  th e  
e q u a t io n s  w i l l  a c t  from r i g h t  t o  l e f t  and some o f  th e  i n s o l u b l e  
t r i c a l o i u m  p h o sp h a te  i s  r e p r e c i p i t a t e d .  F u r th e rm o re ,  i n  such
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an  e q u i l i b r i u m ,  a s  i s  r e p r e s e n te d  by t h e s e  e q u a t io n s ,  a change 
i n  th e  c o n c e n t r a t i o n  o f  any one io n  w i l l  a t  once p roduce  
changes i n  th e  c o n c e n t r a t i o n  o f  th e  o t h e r  i o n s .  The ch em ica l  
c o n c lu s io n s  from  t h i s  s ta te m e n t  may be summarised t h u s : -
( H 0 0 '  ) X I H P 0  ”  I 3 4
____________   -  K ( c o n s t a n t )
( H +  )
A r e d u c t i o n  i n  th e  c a rb o n ic  a c id  t e n s i o n  o f  th e  b lood  and so in  
th e  hy d rogen  io n  c o n c e n t r a t i o n  w i l l  low er th e  denom in a to r  in  
t h i s  e q u a t io n ,  and t h e r e f o r e  an e q u iv a le n t  d im in u t io n  i n  t h e  
n u m e ra to r  w i l l  o c c u r ,  i . e .  th e  c o n c e n t r a t i o n  o f  c a lc iu m  b i ­
c a r b o n a te  o r  p h o sp h a te  io n s  must c o r r e s p o n d in g ly  f a l l .  
A lk a la em ia  w i l l  t h e r e f o r e  te n d  to  lo w er  th e  b lood  c a lc iu m  and 
a c id a e m ia  w i l l  te n d  to  r a i s e  i t .  F u r t h e r ,  i f  a f a l l  i n  th e  
b lo o d  c a lc iu m  o c c u r s  p r i m a r i l y  one would e x p e c t  to  f in d  a
r a i s e d  H C 0„ o r  H P C) c o n te n t  o r  a d im in ish e d  hydrogen  io n  3 4
c o n c e n t r a t i o n .
The amount o f  th e  t o t a l  c a lc iu m  in  th e  serum i s  u sed  a s  an
i n d i c a t i o n  o f  th e  c a lc iu m  su p p ly  in  th e  l i v i n g  body. A ll  o f
t h i s  c a lc iu m , how ever, i s  n o t  i n  th e  same s t a t e  o f  chem ical
c o m b in a t io n .  The q u a n t i t y  t h a t  i s  in  an io n i s e d  s t a t e  has
b e e n  v a r i o u s l y  e s t im a te d  a s  o n ly  20 to  25 p e r  c e n t  o f  t h e
(3) (4)
t o t a l .  S a lv e se n  and L in d e r  s u g g e s t  t h a t  p a r t  i s  in
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c o m b in a t io n  w i th  p r o t e i n ,  and t h i s  p a r t  w i l l  n o t  o n ly  be in  an
u n - i o n i s e d  form b u t  i n  an  non d i f f u s i b l e  form , and t h e r e f o r e
n o t  e a s i l y  a v a i l a b l e  f o r  u t i l i s a t i o n  by th e  t i s s u e s .  The
d i f f u s i b l e  c a lc iu m  i s  n o t  e a s i l y  e s t im a te d  w i th  a c c u ra c y  bu t
from o b s e r v a t i o n s  by many w o rk e rs  i t  would a p p e a r  to  c o n s t i t u t e
(5)
50 to  60 p e r  c e n t  o f  th e  t o t a l .
S ince  t h i s  d i f f u s i b l e  c a lc iu m  i s  a lo n e  a v a i l a b l e  f o r  p r o ­
d u c in g  s p e c i f i c  o r  i o n i c  c a lc iu m  e f f e c t s ,  i t  i s  o b v io u s  t h a t  
th e  f i g u r e  f o r  th e  t o t a l  c a lc iu m  o f  th e  serum may n o t  g iv e  a
t r u e  i n d i c a t i o n  o f  th e  a v a i l a b l e  c a lc iu m . Prom th e  work o f
( 6 )
V ines  i t  would a p p ea r  t h a t  abou t 4 mg. o f  c a lc iu m  p e r  100 
c.e* t h a t  was i n  a non d i f f u s i b l e  form  in  th e  whole b lo o d ,  i s  
c o n v e r te d  i n to  a d i f f u s i b l e  form , d u r in g  th e  p r o c e s s  o f  c l o t ­
t i n g .  I f  t h i s  i s  c o n f i rm e d ,  th e  f i g u r e  o f  th e  t o t a l  serum 
c a lc iu m  i s  s t i l l  f u r t h e r  from b e in g  a tarne i n d i c a t i o n  o f  th e  
a v a i l a b l e  c a lc iu m .
In  c o n s i d e r i n g  th e  s i g n i f i c a n c e  o f  d e p a r t u r e s  from th e  
norm al v a lu e s  f o r  th e  c a lc iu m  c o n te n t  o f  th e  serum i t  i s  im port 
a n t  t h e r e f o r e  to  remember t h a t  th ey  may a f f e c t  (a )  th e  non- 
d i f f u s i b l e  f r a c t i o n  combined w i th  p r o t e i n ,  (b) th e  d i f f u s i b l e  
and e a s i l y  io n i s e d  f r a c t i o n ,  o r  (c)  th e  io n i s e d  f r a c t i o n .  I t  
i s  p o s s i b l e  t h a t  even when norm al v a lu e s  f o r  th e  t o t a l  c a lc iu m  
a r e  o b t a i n e d ,  th e  a v a i l a b l e  c a lc iu m  may be p r e s e n t  i n  d e f i c i e n t  
a m o u n ts .
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I t  a p p e a rs  t h a t  th e  c o r p u s c l e s  o o n ta in  l i t t l e  o r  no c a l ­
cium , and t h a t  t r u e  p lasm a c o n ta in s  10 to  20 p e r  c e n t  more 
oa lo iu m  th a n  does th e  serum  b u t  t h i s  does n o t  p r e v e n t  th e  
serum  c a lc iu m  b e in g  t a k e n  a s  a  g u id e  to  th e  oa lo iu m  m etab o lism ; 
f i g u r e s  f o r  serum  a r e  more r e l i a b l e  t h a n  th o s e  o f  whole b lo o d  
owing to  th e  v a r i a b i l i t y  o f  c o r p u s c le  volum e.
A n o th e r  v e r y  im p o r ta n t  f a c t o r  i n  t h e  oa lo ium  m e ta b o l ism  i s  
t h e  s e c r e t i o n  o f  th e  p a r a t h y r o i d  g l a n d s .  I t  has  been  shown by 
th e  works o f  C o l l i p  and o t h e r s  t h a t  t h i s  s e c r e t i o n  r e g u l a t e s  
th e  ca lo iu m  l e v e l  i n  th e  b lo o d  o r  p e rh a p s  m a in ta in s  t h e  c o r r e c t  
b a la n c e  be tw een  th e  v a r io u s  io n s  i n  th e  b lo o d .  C o l l i p  has 
p r e p a re d  a  hormone from  th e  p a r a t h y r o i d  g la n d s  whioh when i n ­
j e c t e d  i n t o  dogs a f t e r  t h y r o - p a r a th y r o id e c to m y  p r e v e n t s  t e t a n y  
and r a i s e s  th e  b lo o d  o a lo iu m . In  no rm al a n im a ls  t h i s  hormone
has been  found to  r a i s e  th e  b lo o d  oa lo iu m  as muoh as loO p e r
( 7 )
c e n t  above n o rm a l .  S te w a r t  and P e r o i v a l  have shown by 
an im a l  e x p e r im e n ts  t h a t  p a ra tho rm o ne  does n o t  in o r e a s e  th e  
b lo o d  oa lo iu m  by i n c r e a s i n g  th e  a b s o r p t io n  from  th e  i n t e s t i n e ,  
no r  does i t  d im in i s h  o a lo ium  e x c r e t i o n  and th u s  i n o r e a s e  
c a lc iu m  r e t e n t i o n .  I t  m ust t h e r e f o r e  a c t  by w ith d ra w in g  
c a lc iu m  from th e  t i s s u e s  and e v e n t u a l l y  from  th e  b o n e s .  I t  i s  
t h e r e f o r e  o f  no u se  where i t  i s  d e s i r e d  to  i n o r e a s e  oa lo iu m  
a b s o r p t i o n .
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The p r o c e s s  o f  o a lo iu m  a b s o r p t i o n  w i l l  now be c o n s i d e r e d .  
Calcium  i s  a b so rb e d  by th e  s m a l l  i n t e s t i n e  b u t  o n ly  when th e  
r e a c t i o n  o f  th e  c o n te n t s  i s  s l i g h t l y  a o i d .  T h e re fo re  i f  f o r  
any r e a s o n  th e  r e a c t i o n  i s  p e r s i s t e n t l y  a l k a l i n e ,  o a lo iu m  w i l l  
be a b so rb e d  i n  d e f i c i e n t  q u a n t i t y  o r  n o t  a t  a l l .  I t  i s  im­
p o r t a n t  t h a t  th e  amounts o f  c a lc iu m  and ph o sp h o ru s  i n  th e  d i e t
sh o u ld  be i i j k u f f i c i e n t  q u a n t i t y  and p r o p e r l y  b a la n c e d ,  s i n c e  
e x c e s s iv e  amounts o f  ph o sp h o ru s  t e n d  to  im p a ir  th e  a b s o r p t i o n  
o f  c a lc iu m .  C e r t a in  f a t s  m ust be p r e s e n t  i n  th e  d i e t a r y ;  a  
c h i l d  f e d  on a  low f a t  d i e t  shows a n e g a t i v e  oa lo iu m  b a l a n c e .  
The a b s o r p t i o n  o f  c a lc iu m  from  th e  bowel can  be i n c r e a s e d  by  
th e  o r a l  a d m i n i s t r a t i o n  o f  V itam ine  P .  i n  th e  form  o f  o o d - l i v e r  
o i l  o r i r r a d i a t e d  e r g o s t e r o l  and a l s o  by a r t i f i c i a l  u l t r a ­
v i o l e t  t h e r a p y .  The p re s e n c e  o f  V itam in  P . i s  p r o b a b ly  th e  
m ost im p o r ta n t  f a c t o r  o f  a l l .
The c h i e f  f u n c t i o n s  o f  oa lo iu m  i n  th e  body a r e : -
1 .  I t  i s  n e c e s s a r y  f o r  th e  c l o t t i n g  o f  b lo o d .
2 . I t  i s  e s s e n t i a l  f o r  c o n t r o l l i n g  th e  e x c i t a b i l i t y  o f
n e r v e s ,  when Ca (and  Mg) a re  d im in is h e d  th e  K and P a  
io n s  o v e r a c t  and c au se  t h i s  e x c i t a b i l i t y .
3 . I t  i s  n e c e s s a r y  f o r  th e  c o n t r a c t i o n  o f  th e  h e a r t
m usc le  and has a  s t i m u l a t i n g  a c t i o n  on th e  p e r i p h e r a l
c i r c u l a t i o n .
4 .  I t  h e lp s  i n  m a in t a in in g  th e  i o n i c  b a la n c e
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Na K -  c o n s t a n t .
Ca Mg
5. I t  i s  n e c e s s a r y  f o r  th e  o s s i f i c a t i o n  o f  bo ne .
6 . I t  has an  e f f e c t  on th e  p h o sp h o ru s  i o n s ,  i n  t h a t  
th e y  a p p e a r  to  be i n t e r - d e p e n d e n t .
7 .  I t  f a v o u r s  th e  p a s s a g e  o f  w a te r  from  th e  t i s s u e s  
i n t o  th e  b lo o d .
As we have a l r e a d y  s t a t e d ,  th e  n o rm al serum  o a lc iu m  i s  9 -  11
mg. p e r  100  o e .  and t h i s  i s  a t  p r e s e n t  th e  m ost r e l i a b l e  in d e x
we have to  th e  o a lc iu m  m e tab o lism  o f  th e  body . I t  has  been
shown by s e v e r a l  w ork e rs  t h a t  i n  o e r t a i n  d i s e a s e s  t h e r e  a r e
marked v a r i a t i o n s  from  th e  n o rm a l .  I n  i n f a n t i l e  t e t a n y  th e
( 8 )
serum  o a lo iu m  may f a l l  a s  low  a s  3 .7  mg p e r  o e n t ,  and i t  i s
a l s o  re d u c e d  i n  r i c k e t s ,  i n  o e r t a i n  form s o f  n e p h r i t i s  and i n
o e r t a i n  s k i n  d i s e a s e s .  I t  i s  i n c r e a s e d  i n  o s t e i t i s  f i b r o s a
(9)
and i n  n e u r a l g i a .  I t  would seem t h a t  h y p o oa loaem ia  i s  a
more s e r i o u s  c o n d i t i o n  th a n  h y p e rc a lo a e m ia ,  a s  th e  fo rm er  i s  
accom panied  by  th e  more s e v e r e  c o n s t i t u t i o n a l  symptoms, a l t h o u g h  
ex trem e h y p e rc a lo a e m ia  has c au se d  d e a th  i n  e x p e r im e n ta l
a n im a l s .
I t  w i l l  be s e e n  from  th e  above t h a t  th e  s tu d y  o f  th e  
c a lc iu m  m etab o lism  i s  a  w ide and im p o r ta n t  one and t h a t  t h e r e  
a r e  s t i l l  some a s p e c t s  o f  i t  w h ich  a re  n o t  y e t  f u l l y  u n d e r ­
s t o o d .
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DESCRIPTION OP METHOD USED POE 
ESTIMATING THE SERUM CALCIUM.
There  have been  s e v e r a l  methods b ro u g h t  fo rw a rd  i n  th e
l a s t  t e n  y e a r s  f o r  e s t i m a t i n g  th e  amount o f  o a lo iu m  i n  th e
b lo o d ,  some u s i n g  whole b lo o d ,  some p lasm a  and some serum .
The f o l lo w in g  i s  a  d e s c r i p t i o n  o f  th e  method u se d  i n  t h i s
s e r i e s  o f  c a s e s .  I t  i s  a  m o d i f i c a t i o n  o f  th e  m ethod o f
( 10 )
Kramer and T i s d a l l  by C la rk  and C o l l i p .
The p r i n c i p l e  o f  t h i s  method c o n s i s t s  i n  p r e c i p i t a t i n g  th e  
c a lc iu m  as  o x a l a t e ,  and th e  p r e c i p i t a t e  a f t e r  w ash ing  and d i s ­
s o l v i n g  i n  s u l p h u r i c  a c i d  i s  t i t r a t e d  w i t h  p e rm a n g a n a te .
Two c u b ic  c e n t im e te r s  o f  serum  a re  m easured  i n t o  a  15 o . c .  
g ra d u a te d  c e n t r i f u g e  tu b e  o o n ta in in g  2 o . c .  o f  d i s t i l l e d  w a t e r ,  
to  t h i s  1 c . c .  o f  a  4^  s o l u t i o n  o f  ammonium o x a l a t e  i s  added 
and mixed by t a p p in g  th e  lo w er  end o f  th e  t u b e ,  t h i s  i s  a l lo w e d  
to  s t a n d  f o r  a t  l e a s t  30 m in u te s .  The m ix tu re  i s  th e n  c e n t r i ­
fuged  f o r  5 m in u te s  u n t i l  t h e  p r e c i p i t a t e  i s  w e l l  packed  i n  th e  
bo ttom  o f  th e  t u b e ,  th e  s u p e r n a t a n t  f l u i d  i s  d e c a n te d ,  and th e  
tu b e  i n v e r t e d  on f i l t e r  p a p e r  where i t  r e m a in s  d r a i n i n g  f o r  5 
m in u te s .  The mouth o f  th e  tu b e  i s  w iped w i th  a  f i n e  c l o t h  
and th e  s i d e s  washed down w i t h  3 o . c .  o f  a  2>u ammonia s o l u t i o n ,
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d i r e c t e d  i n  a  f i n e  s t r e a m  from  a  wash b o t t l e .  The tu b e  i s  
a g a in  o e n t r i f u g e d  and d r a in e d  as  b e f o r e .  Two o . o .  o f  M.
Hg SO^ a r e  blown on to  th e  p r e c i p i t a t e  from  a  p i p e t t e  i n  o r d e r  
to  b r e a k  i t  up and f a c i l i t a t e  s o l u t i o n .  The tu b e  i s  p l a c e d  i n
a  b o i l i n g  b a th  f o r  a b o u t  one m in u te ,  u n t i l  a l l  th e  p r e c i p i t a t e
IT
has  d i s s o l v e d .  The o x a l i c  a c i d  i s  t i t r a t e d  w i t h  100
p o ta s s iu m  p e rm angana te  s o l u t i o n  u n t i l  a  d e f i n i t e  p in k  c o lo u r ,
w h ich  m ust p e r s i s t  f o r  a t  l e a s t  one m inu te  a p p e a r s .  D uring
th e  t i t r a t i o n  th e  tu b e  i s  k e p t  i n  a  b a t h  o f  w a te r  m a in ta in e d  a t
o oa  c o n s t a n t  te m p e ra tu re  o f  70 -  C. A m io r o b u r e t t e  g ra d u ­
a te d  i n  0 .0 2  c o .  i s  used  f o r  th e  t i t r a t i o n .
C a l c u l a t i o n . The number o f  c . c .  o f  p e rm an gana te  u s e d ,
m u l t i p l i e d  by t e n ,  w i l l  e q u a l  th e  number o f  mg. o f  o a lc iu m  p e r
IT
100 c . c .  o f  se rum . The amount o f  100 p e rm an g an a te  n eed ed  to  
im p a r t  a  d e f i n i t e  p in k  c o lo u r  to  2 c . c .  o f  f l u i d  m ust be d e t e r ­
m ined and s u b t r a c t e d  from  th e  q u a n t i t y  o f  p e rm an g an a te  u sed  i n  
th e  f i n a l  t i t r a t i o n .
IT
K e a g e n ts . The p e rm an gana te  i s  k e p t  as  To s o l u t i o n  and 
IT
f r e s h l y  made up to  loo  e ao h  t im e  i t  i s  u s e d .  I t  i s  th e n
IT
s t a n d a r d i s e d  a g a i n s t  an 160 sodium o x a la t e  (S o re n se n )  s o l u t i o n ,  
b e f o r e  b e in g  u sed  f o r  th e  b lo o d  o a lc iu m  e s t i m a t i o n .  A l l  g l a s s  
a p p a r a tu s  was washed f i r s t  >vith a c i d  and th e n  w i t h  d i s t i l l e d
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w a t e r .  The c e n t r i f u g e  tu b e s  were c l e a n e d  v / i th  s u l p h u r i c  a c i d  
b ic h r o m a te  m ix tu r e  and washed w i t h  d i s t i l l e d  w a te r  e a c h  t ime 
b e f o r e  t h e y  were u s e d .
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SEBUM CALCIUM IIS SOME COETBOL CASES.
In  o r d e r  to  t e s t  t h e  a c c u ra c y  o f  th e  m ethod and to  become 
accustom ed  to  i t ,  v a r i o u s  b lo o d  o a lo iu m  e s t i m a t i o n s  w ere  made 
i n  n o rm al i n d i v i d u a l s .  D u r in g  th e  f i r s t  50 e s t i m a t i o n s  i n  
w hooping cough one o r  two b lo o d  o a lo iu m  e s t i m a t i o n s  w ere  made 
i n  c o n t r o l  o a s e s .  These c o n t r o l s  a r e  o f  i n t e r e s t  a s  th e y  were 
c a s e s  o f  b ronchopneum onia  ( a c u te  and c o n v a l e s c e n t ) o f  th e  same 
age g roup  (6  m onths to  6 y e a r s )  a s  th e  whooping cough  c a s e s  
and many o f  th e  l a t t e r  were c o m p l ic a te d  by  b ro n ch o p n eu m o n ia .
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BESULTS IK 20 CASES OP BB0KCH0PKEUM0KIA.
C ase . Sex . Age
Serum Caloium  i n  
A o u te .  C o n v a le s c e n t ,  mg p e r  100 o . c .
1 P 3 " 9 . 1
2 M 4 IT 1 0 . 8
3 H 2 " 1 0 .3
3
4 M 1 1 2  11 1 0 .8
5 M 1 9 . 7
6 M 4 " 9 . 0
9
7 M T2 " 1 0 . 5
9
8 P 2 X2 9 . 8
9
9 M 1 2 . 8 .7
10
10 P T2 " 8 .5
1 U 5 9 . 5
2 P 5 " 9 . 4
’ 8
3 P 1 1 2 ” 1 2 .0
5
4 P 1 1 2 1 0 .5
9
5 P 1 2 " 8 .8
4
6 M 1 T2 " 1 0 .8
7
7 P 12 1 0 .5
8 P 2 1 0 . 5
9 M 4 1 1 .4
20 M 3 ” 9 . 0
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i'he a v e ra g e  serum e a l e iu m  i n  tw e n ty  e a s e s  o f  b roncho  
pneumonia  i s  9 .9  mg p e r  luO c . c .  which  i s  w i t h i n  no rm al  
l i m i t s .
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THE SKxtUM CALCIUM IH 1 1 0  fcASES 
OF WHOOPING* COUCH.
An a t t e m p t  was a t  f i r s t  made to  n o te  e v e ry  spasm i n  th e  
24 h o u r s ,  h u t  t h i s  was soon found to  be im p o s s ib le  i n  a  busy  
whooping cough w ard . In  th e  f o l lo w in g  t a b l e s  o f  r e s u l t s  th e  
spasms a re  c l a s s i f i e d  as m i ld ,  m odera te  and s e v e r e .
M ild means t h a t  th e  spasms were i n f r e q u e n t  and n e v e r  v e ry
d i s t r e s s i n g .
M oderate  t e n d s  tow ards  th e  m ild  t y p e , p e rh a p s  s e v e r e  f o r  a  
day o r  two b u t  soon  becom ing m ild .
S ev e re  i s  th e  f u l l - b l o w n  d i s t r e s s i n g  whoop, f r e q u e n t  and 
s e v e re  o v e r  a  c o n s i d e r a b le  p e r i o d .
T h is  e s t im a t e  o f  th e  spasm was c a r e f u l l y  c o n s id e r e d  by th e  
ward s i s t e r  from  th e  tim e o f  a d m is s io n ,  and h e r  e s t i m a t i o n  was 
ta k e n  i n  a l l  o a s e s .  I t  may th u s  be c o n s id e r e d  c o n s t a n t ,  and 
more a c c u r a t e  th a n  a  r e c o r d  o f  th e  number o f  spasms e s t im a te d  
by s e v e r a l  p e o p le  d u r in g  th e  tw e n ty - f o u r  h o u r s .
The d u r a t i o n  o f  th e  d i s e a s e  a t  th e  tim e when th e  serum
oalo iu m  was e s t im a te d  c a n n o t  be c o n s id e r e d  a o c u r a t e  i n  ev e ry  
c a s e .  I t  i s  t a k e n  in  m ost i n s t a n o e s  from  th e  h i s t o r y  s u p p l i e d
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by t h e  p a r e n t ,  and may be r e g a r d e d  as  d a t i n g  from th e  t ime 
t h a t  th e  f i r s t  whoop was h e a r d .  This  f a c t o r  has a o e r t a i n  
amount o f  i n t e r e s t ,  as  w i l l  be s e e n  l a t e r .
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HESULTS ns n o  CASES op whooping cough.
D u ra t io n  E s t im a te  o f  Serum o a lo ium  i n  mg, 
Sex . Age. i n  d a y s .  spasm s. p e r  100 o . o .
6_
3 12 30 Severe  7 .3
P 6 8 M ild 8 .2
P 1 12 M ild 1 0 .4
M 2  6 M oderate 8 .8
M 2  11 M oderate  7 .9
10
P 12 5 M ild 1 0 .5
5
F 1 T ?  16 M oderate  7 .2
4
M i l ?  14 S ev e re  5 .6
P 5 9 M ild 1 0 .5
4
M i l ?  7 S eve re  8 .5
6
F T? 6 S ev e re  8 .6
9
p  I ?  -  M oderate  8 .4
2
M i l ?  -  S ev e re  9 .2
D uration E stim ate o f  Serum oaloium  in
in  d ays. spasm s. per 100 o . c .
6 M ild
7 Severe

















9 .6  
1 0 .2




1 0 . 6
9 .4
9 .4  
8 .3
7 .2
D uration E stim ate o f  Serum oaloium  in
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Duration E stim ate o f  Serum oaloium  in  mg,
Case. S ex . Age. in  days. spasm s. per 100 o . o .
43 F 6 20 Severe  9 .0
11
4 F 2 T? 21 Severe  9 .9
5 F 7 27 Severe  9 .0
6 F 4 22 Severe  1 0 .0
7 M 2 6 Severe  8 .5
3
8 M 1 I ?  6 Severe  8 .1
1_
9 F 1 12 17 M oderate 8 .0
9
50 F T2 19 M ild 8 .4
1 M 5 7 Severe  9 .1
8
2 p T2 10 M oderate 9 .0
6
3 M 1 T5 14 M oderate 9 .4
4 F 4 28 M oderate 9 .6
5 M 4 12 M oderate 1 0 .5
2
6 M 1 X? 18 Severe  w i th  6 .3
o o n v u ls io n s
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Duration E stim ate o f  Serum oaloium  in  mg.
C ase. S e x . Age. in  days. spasm s. per 100 o .o .
2
57 M 1 T? 18 Severe  8 .5
4
8 F 1 1 ?  5 Severe 8 .1
11
9 F T? 8 M oderate 8 .6
5_
60 M 1 12 17 Severe  8 .5
6
1 M 12 18 Severe  6 .9
8
2 M I ?  10 Severe  8 .0
8
3 F I ?  27 Severe  7 .4
9
4 F 1 I ?  11 Severe  9 .3
4
5 F 1 I ?  13 M oderate 9 .6
4
6 M T ?  13 M oderate 8 .9
6
7 M 3 1 5  14 S evere  9 .6
3
8 M 1 I ?  28 Mild 1 0 .2
9 M 1 22 Severe  w i th  6 .4
o o n v u ls io n s
0 F 2 9 M ild 9 .6
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C ase. S ex .
Duration E stim ate o f  Serum oaloium  in



















































Severe  8 .7
Mild 9 .9
Severe  8 .8
S evere  1 0 .6
M oderate 9 .0
M oderate 9 .1
Severe  w i th  7 .1
c o n v u ls io n s
S evere  8 .9
M ild 1 0 .0
M oderate 9 .4
Severe  8 .5
Mild 9 .7
Moderate 7 .9
M oderate 1 0 .2
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C ase. S ex .
Duration E stim ate o f  Serum oaloium  in  mg.
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c o n v u ls io n s
Moderate
Mild
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The av e rag e  serum ca lc ium  i n  110 o ases  o f  whooping cough 
was found to  be 8 .7  mg. p e r  100 c . c .
The average  serum ca lc iu m  in  26 m ild  c a se s  o f  whooping
cough was 9 .6  mg. p e r  100 c . c .
The av e rag e  serum c a lc iu m  i n  53 s e v e re  o ases  o f  whooping
was 8 .2  mg. p e r  100 c . c .
The av e rag e  serum ca lc ium  i n  12 s e v e re  c a se s  betw een th e
ages o f  4 -  6 y e a r s  was 9 .5  mg. p e r  100 c . c .
The a v e rag e  serum  c a lc iu m  i n  28 s e v e re  o ases  below th e
age o f  l i  y e a r s  was 7 .5  mg. p e r  100 c . c .
The a v e rag e  serum oaloium  i n  7 o a se s  o f  whooping cough 
c o m p l ic a te d  by c o n v u ls io n s  was 6 .8  mg. p e r  100 o .o .
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EXTBACTS FBOM THE LITEBATUHE 0 1  BlOOD  
CHEMISTBY IE  V/HOOPIEGr COUCH.
I  can f i n d  no r e f e r e n c e s  to the  serum ca lc iu m  i n  whooping
cough i n  th e  l i t e r a t u r e  o f  t h i s  c o u n try ,  b u t  i n  Amerioa some
work has been  done on th e  b lood  c h e m is try  i n  t h i s  d i s e a s e .
u (11J
Began and Tolstootfhov s t a t e  t h a t  th e y  d e te rm in e d  th e
c a lc iu m  c o n te n t  o f  th e  p lasm a i n  46 o ases  o f  whooping cough by 
t h e  method o f  C la rk .  S l ig h t  v a r i a t i o n s  from the  norm al were 
n o te d  in  some c a se s  b u t  th e  m a jo r i ty  o f  th e  a n a ly s e s  gave 
r e s u l t s  w i t h i n  th e  norm al r a n g e ,  th e  average  i n  17 oases  b e in g  
1 0 .7  mg p e r  100 c . c .  They found , however, t h a t  the  hydrogen  
i o n  c o n c e n t r a t i o n  o f  th e  blood was low in  many c a s e s ,  the  
l o w e s t  r e s u l t s  be ing  found in  th e  most se v e re  o ases  and in  t h e  
f u l l  pa roxysm al s t a g e .  They a ls o  found in  many c a se s  a lo w e r ­
in g  o f  th e  i n o r g a n ic  phosphorus  c o n te n t  o f  the  p lasm a. They
oL I*found no rm al v a lu e s  f o r  u re j l ,  u r i c  a c i d ,  c r e a t f n i n ,  and s u g a r .
( 1 2 )
In  a n o th e r  a r t i c l e  th e  S8me a u th o r s  s t a t e  -  In
o a s e s  o f  p e r t u s s i s  s t u d i e d ,  th e  ca lc ium  d e te r m in a t io n s  c a r r i e d  
o u t  i n  58 specim ens o f  serum gave f i g u r e s  showing some v a r i a -
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t i o n s  b u t  a v e ra g in g  b e fo re  t r e a tm e n t  1 0 .5  mg. i n  34 a n a ly s e s .
In  o n ly  8 o r  23$ was th e re  more th a n  one mg. l e s s  t h a n  the  
n o rm al  v a lu e  given by Howland and Kramer (1 0 .5  -  11) and o n ly  
two o f  t h e  8 c a se s  were below the  normal range a c c o rd in g  to  
de W esse low 's  f ig u r e  ( 9 - 1 1 ) .  T his v a r i a t i o n  o f  one mg. in  
a few c a s e s  i s  not s i g n i f i c a n t  as  an a l t e r a t i o n  because  o f  
p o s s i b l e  e r r o r  in  d e te r m in a t io n s .  T h e re fo re  we do n o t  con­
s i d e r  th e  ca lc iu m  c o n te n t  a l t e r e d  in  any c o n s ta n t  way in  
p e r t u s s i s ,  a l th o u g h  i t  i s  p o s s ib le  t h a t  s l i g h t  changes may
o c c u r  a s  t h e  r e s u l t  o f  s h i f t i n g  o f  oa lc ium  i n  c o n n e c t io n  w i th
k
t h e  c h a r a c t e r i s t i c  phosphorus and PJT a l t e r a t i o n s . ”
(13)
On th e  o t h e r  hand Powers found t h a t  th e  serum oa lc iam
i n  f i v e  c a s e s  o f  p e r t u s s i s  w i th  c o n v u ls io n s  was 4 .9  mg, 7 .6  mg, 
7 .9  mg, 8 .9  mg, and 7 .9  mg. p e r  100 c . c .  He t h in k s  t h a t  t h e s e  
were p ro b a b ly  a l l  o a se s  o f  l a t e n t  t e t a n y ,  and co n c lu d es  f,th e  
c a lc iu m  c o n te n t  o f  th e  b lood and th e  e l e c t r i c a l  r e a c t i o n s  o f  
a l l  i n f a n t s  w i th  whooping cough should  be de te rm in ed  i f  p o s ­
s i b l e  and t h e r a p u s i s  gu ided  by th e  ev idence  fo r  o r  a g a in s t  
l a t e n t  t e t a n y . 11
(14)
S h e f f i e l d  s t a t e s  -  " I  w ish  to  d i r e c t  p a r t i c u l a r
a t t e n t i o n  t o  th e  marked a n t isp a sm o d io  v a lu e  o f  oa lc ium  and sod­
ium h y p o p h o sp h i te s  in  m i t i g a t i n g  and o f t e n  a r r e s t i n g  th e  
"whoop" i n  p e r t u s s i s ” . He goes on to  s t a t e  t h a t  he t h in k s
-  28 -
t h a t  t h e  p a r a th y r o id s  may be damaged as  a r e s u l t  o f  the  
h a r a s s i n g  cough in  th e  e a r l i e s t  s t a g e s  o f  p e r t u s s i s  and t h i s  
damage would presum ably cause an u p se t  i n  th e  ca lc iu m  m eta ­
b o l i s m .
(15)
Sm ith  has p u b l is h e d  r e s u l t s  showing t h a t  th e  exposure
o f  c h i l d r e n  who have whopping cough to  Rontgen r a y s  has  a 
marked e f f e c t  i n  re d u c in g  th e  freq u en cy  and s e v e r i t y  o f  th e  
spasm s. He b e l i e v e s  t h a t  t h i s  i s  due to  a d im in u t io n  i n  s i z e  
o f  th e  p e r i b r o n c h i a l  g la n d s ,  which a re  e n la rg e d  in  p e r t u s s i s .  
O th e r s  b e l i e v e  t h a t  th e  b e n e f i t  i s  due to  an in c r e a s e  i n  th e  
serum  c a lc iu m , b u t  oa lc ium  e s t im a t io n s  were not made in  Sm ith1 s 
c a s e s .
To summarise th e s e  e x t r a c t s  we see t h a t  Regan and 
T o lshoonhov  found v a r i a t i o n s  i n  th e  serum oalo ium  in  some c a se s  
b u t  do n o t  c o n s id e r  i t  im p o r ta n t .  Powers found th e  ca lc ium  
c o n te n t  m arked ly  d im in ish e d  in  c a se s  w i th  c o n v u ls io n s .
S h e f f i e l d  found  g r e a t  b e n e f i t  from ca lc iu m  th e ra p y  which would 
seem to  i n d i c a t e  a lo w e r in g  o f  the  serum c a lc iu m . The ben e ­
f i c i a l  e f f e c t s  o f  Romtgen r a y s  may be due to  an  in c r e a s e  i n  th e  
serum  c a lc iu m .
I t  i s  obv ious  t h e r e f o r e  t h a t  th e  i n v e s t i g a t i o n  o f  t h e  
c a lc iu m  m e ta b o l ism  in  whooping cough may be o f  c o n s id e r a b le  
i m p o r t a n c e .
-  29 -
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CASES OF WHOOPING COUGH.
From my cwn r e s u l t s  i t  i s  e v id e n t  t h s t  th e  average  f i g u r e
f o r  t h e  serum c a lc iu m  i s  l e s s  th a n  no rm al, namely 8 .7  mg. p e r
100  c . c .  t h i s  b e in g  .3 mg. l e s s  th an  de W esselow 's low er
f i g u r e  and 1 .8  mg. l e s s  th a n  t h a t  o f  Howland and Kramer.
From a s tu d y  o f  th e  r e s u l t s ,  however, i t  w i l l  be seen  t h a t  th e
serum  ca lc iu m  i s  n o t  by any means low ered  in  e v e ry  c a s e .
In  t h e  m ild c a se s  th e  average  oa lc ium  c o n te n t  was w i t h in
n o rm a l  l i m i t s ,  th e  av e rag e  in  26 such  e s s e s  b e in g  9 .6  mg.
T h is  r e s u l t  I  t h in k  i s  w hat one might e x p e c t .  In  th e s e  c a se s
t h e r e  was no marked h y p e r e x c i t a b i l i t y  o f  t h e  n e rv o u s  sys tem ,
and a s  f a r  a s  th e  serum oalc ium  c o n te n t  i s  r e l a t e d  to  t h i s  we
would e x p e c t  l i t t l e  o r  no a l t e r a t i o n .
In  th e  s e v e r e  o a se s  the  serum ca lc ium  was below norm al
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l i m i t s .  In  53 c a s e s  age 1 2 - 6  y r s .  i t  was 8 .2  mg. w h i le  in  
6 18
28 c a s e s  aged IH  -  T£ i t  was a s  low as  7 .5  mg. In  th e s e  o a se s  
t h e r e  i s  ex trem e h y p e r e x c i t a b i l i t y  o f  the  n ervous sy s tem , th e  
s l i g h t e s t  s t im u lu s  b e in g  s u f f i c i e n t  to  p roduce  a paroxysm .
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As h y p e r e x c i t a b i l i t y  o f  t h e  nervou s  system  and a low serum 
c a lc iu m  a re  c lo s e ly  r e l a t e d ,  th e  r e s u l t s  a p p ea r  to  be what one 
m ig h t  e x p e c t .  B efo re  a t t e m p t in g  to  e x p la in  t h e  low ca lc iu m  
c o n te n t  in  s e v e re  c a se s  th e  fo l lo w in g  p o i n t s  must be made 
c l e a r .
I t  i s  w e l l  known t h a t  whooping cough i s  g e n e r a l l y  d iv id e d
i n t o  two s t a g e s .  F i r s t  th e  in v a s io n  o r  c a t a r r h a l  s ta g e  which
l a s t s  from 8 - 1 4  d a y s ,  a l th o u g h  i n  se v e re  c a s e s ,  a c c o rd in g  to
(16)
K e r ,  i t  may l a s t  on ly  a few days. The seco nd , o r  
p a roxysm al s t a g e ,  l a s t s  on an average  s i x  weeks and i s  u s u a l l y  
most s e v e re  i n  th e  second and t h i r d  weeks.
I t  must be u n d e rs to o d  t h a t  none o f  th e  ca lc iu m  e s t im a t i o n s  
i n  t h i s  s e r i e s  to o k  p la c e  in  the  o a t a r r h a l  s t a g e ,  a l l  to o k  
p l a c e  a f t e r  th e  c h i ld  hsd been h ea rd  to  whoop. The e a r l i e s t  
e s t i m a t i o n  to o k  p la c e  3 days a f t e r  th e  c h i ld  had been  h e a rd  to  
whoop, t h i s  was case  N o .27 and h e re  th e  serum ca lc iu m  was 8 .7  mg. 
In  two o a s e s  5 days a f t e r  the  whoop, case  No.36 , was 9 .9  mg. 
and case  No.58 was 8 .1  mg. In  case  N o . l ,  30 days a f t e r  th e  
f i r s t  whoop th e  serum ca lc iu m  was 7 .3  mg. and in  case  No.7 3 ,
34  days a f t e r  t h e  whoop i t  was 7 .3  mg. We th u s  cannot say a t  
what s ta g e  th e  lo w e r in g  o f  th e  serum ca lc ium  ta k e s  p la c e  i n  
s e v e r e  c a s e s ,  bu t a s  w i l l  be seen  from th e  above i t  may be v e ry  
e a r l y  i n  th e  paroxysm al s ta g e  and may c o n tin u e  low u n t i l  n e a r
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t h e  end o f  t h i s  s t a g e .
Can we accoun t fo r  a low serum oa lc ium  i n  s e v e re  c a se s  o f  
w hoop ing  cough?
(14)
A ccord ing  to  S h e f f i e ld  th e  p a r a t h y r o id s  may be
damaged by th e  h a r a s s in g  cough in  th e  e a r l i e r  s t a g e s  o f  
p e r t u s s i s ,  but as  we have shown above th e  f i r s t  s t a g e  in  s e v e re  
c a s e s  may be very  s h o r t  and the  serum ca lc ium  low i n  th e  
e a r l i e s t  p s r t  o f  the  second s t a g e ,  th en  t h e r e  i s  h a r d ly  t im e  
f o r  th e  p a r a t h y r o id s  to  be damaged, so t h i s  does n o t  seem a 
s u i t a b l e  e x p la n a t io n .
I t  has  been s t a t e d  p r e v io u s ly  t h a t  c a lc iu m  i s  abso rbed  
o n ly  when th e  r e a c t i o n  o f  th e  sm all  i n t e s t i n e  i s  s l i g h t l y  a o id .  
T here  i s  e v e ry  re a so n  to  b e l i e v e  t h a t  i n  many c a s e s  o f  whooping
cough th e  d i g e s t i o n  i s  e x tre m e ly  weak owing to  th e  v o m it in g ,
c t ,
and t h i s  v o m it in g  may ge t r i d  o f  most o f  the  g a s t r i c  H.oer, th e  
s m a l l  i n t e s t i n e  rem ain  a l k a l i n e  and th u s  ca lc ium  i s  not 
a b s o r b e d .
u <11 & 12)
Regan and Tolstooi&hov have found a low in o rg a n ic
p h o sp h o ru s  c o n te n t  o f  t h e  b lood  in  whooping cough. I t  has  
b e e n  d e m o n s tra te d  by s e v e r a l  w o rk e rs  t h a t  th e  blood ca lc iu m  and 
p h o sp h o ru s  a r e  b o th  low i n  c e r t a i n  ty p e s  o f  r i c k e t s ,  and t h a t  
t h e  c a lc iu m  and phosphorous  m etabo lism  a p p e a rs  to  be i n t e r ­
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d e p e n d e n t .  The e x p la n a t io n  in  r i c k e t s  i s  b e l ie v e d  to  be an  
a l k a l i n e  r e a c t i o n  sm all  i n t e s t i n e  and th e  absence  o f  V itam ine D. 
I t  i s  p o s s i b l e  t h a t  t h i s  happens in  whooping cough.
(17)
In  an a r t i c l e  on ca lc ium  r e t e n t i o n  Oscar Loew s t a t e s  -
” I t  i s  t h e r e f o r e  a l o g i c a l  in f e re n c e  t h a t  the  l o s s e s  o f  c a l ­
cium a r e  s m a l le r  (o r  the  ca lc ium  r e t e n t i o n  i s  g r e a t e r )  when th e
d e g re e  o f  b lood a l k a l i n i t y  i s  h i g h . ” Then as  Hegan and
u (11  & 1 2 )
TolstooJ^hov have s t a t e d ,  t h e r e  i s  a low hydrogen
a/K-
i o n  c o n c e n t r a t i o n  a c i d o s i s )  i n  whooping cough. We would 
e x p e c t  an in c r e a s e d  l o s s  o f  ca lc ium  and t h e r e f o r e  a low blood 
c a lc iu m  i n  t h i s  d i s e a s e .
In c lu d e d  in  th e  se v e re  c a se s  t h e r e  i s  a group of 12 
c h i l d r e n  between the  ages o f  4 and 6 y e a r s ,  in  whom the  average  
serum  oalo ium  was 9 .5  mg. I  t h in k  th e  e x p la n a t io n  f o r  t h i s  
i s  t h a t  th e  o l d e r  t h e  c h i ld  i s  th e  more a b le  i s  he to  m o b i l i s e  
h i s  o a lc iu m  r e s e r v e s ,  and th e  a c i d o s i s  w i l l  fav o u r  t h i s .
T h u s ,  a l th o u g h  t h e r e  w i l l  be an in c r e a s e d  e x c r e t i o n  o f  oa lo ium , 
t h e  serum oa lo ium  w i l l  be k ep t  no rm al.  I t  i s  p o s s ib l e  i n  th e s e
o a s e s  t h a t  a l th o u g h  th e  serum ca lc ium  i s  normal th e  a v a i l a b l e  
o a lo iu m  i s  d e f i c i e n t .
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T here  rem ain to  he co n s id e re d  th e  7 c a se s  o f  whooping 
cough co m p lica ted  by convu ls ions#  In  t h i s  group  th e  average  
serum  c s lc iu m  was 6 .8  mg, and th e  av e rag e  age was 12 m onths.
I  w i l l  g ive  a s h o r t  h i s t o r y  o f  each  o f  th e s e  c a s e s .
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Case 5 6 . T.H. male aged 1 5  a d m it te d  on 2 6 .1 .2 9 .  P a s t  
H i s to r y  n e g a t iv e .
On ad m iss io n  -  a w e l l  n o u r ish e d  baby. S h a rp ly  i l l .  
F e b r i l e .  P u lse  and c o lo u r  p o o r .  F requen t spasm odic 
cough and whoop. Ho ev iden ce  o f  r i c k e t s .  S igns o f  
bronchopneum onia In  b o th  lu n g s .  S to o ls  g re e n .  Serum 
c a lc iu m  6 .3  mg. Convulsed on 30 and 3 1 /1 /2 9 .  Died 
2 /2 /2 9 .
Case 6 9 . A.M. m ale . 1 y e a r .  Adm itted on 1 4 /2 /2 9 .  F i r s t  
h e a rd  to  whoop on 3 l / l / 2 9 .  H is to ry  o f  c o n v u ls io n s  p r i o r  
to  a d m is s io n .  On ad m iss io n  -  a f a i r l y  w e l l  n o u r is h e d  
baby . P e b r i l e ,  A outely  i l l .  C olour and p u l s e  p o o r .  
S ig n s  o f  bronchopneum onia i n  b o th  lu n g s .  G e n e ra l i s e d  
c o n v u ls io n s  o f  15 , 21 and 2 2 /2 /2 9 ,  Serum oalo ium  6 .4  mg. 
2 2 / 2 /2 9 .  Given ca lc ium -so d ium  l a c t a t e  by mouth g r .  5 t .
i . d .  Ho f u r t h e r  c o n v u ls io n s  u n t i l  2 6 /2 /2 9  when serum 
08lo iu m  W8s 7 .3  mg. Convulsed a g a in  on 29 /2 /29  and d ie d .
-  34 -
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C ase_8j0 . J .A . Male. Aged 12 . A dm itted  on 2 1 /2 /2 9  as  
D i p h t h e r i t i c  o roup . W ell n o u r i s h e d ,  spasm odic  cough. 
C u l tu re s  n e g a t iv e  f j r  B. d i p h t h e r i a s .  A f e b r i l e .
Heard to  whoop on 2 /3 /2 9 .  Convulsed on 3 & 5 /3 /2 9 .  
F e b r i l e .  S igns o f  broncho-pneum onia  now p r e s e n t .  Con­
v u ls e d  on 1 4 /3 /2 9 .  Serum ca lc iu m  6 .5  mg. On c a lo iu m - 
sodium l a c t a t e  by mouth, g r .  X t .  i . d .  C ontinued  to  
co n vu lse  and d ied  2 2 /3 /2 9 .
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Case 9 1 . P .B . Male, aged TIT. A dm itted  6 /4 /2 9 .  I l l n e s s  
o f  t h r e e  w eek s1 d u r a t i o n ,  cough, s ic k n e s s* a n d  c o n v u ls io n s ,  
h e a rd  to  whoop on 1 /4 /2 9 .  On a d m iss io n  f e b r i l e .
Colour apd p u ls e  p o o r .  Bronchopneumonia p r e s e n t .
8 /4 /2 9  c o n v u lse d .  Serum oalo ium  7 .1  mg. Griven .5  
o o l l o s o l  oaloium  i n t r a - v e ^ n u s l y .  C ontinued  to  c o n v u lse  
and d ie d  1 0 /4 /2 9 .
8_
Case lo Q . K *  Mol. F .  aged 12 . Has been i l l  s i n c e  1 6 /5 /2 9 ,
oough fo l lo w e d  by s ic k n e s s  and c o n v u ls io n s .  A dm itted  on 
1 9 /5 /2 9 .  A f a i r l y  w e l l  n o u r ish e d  i n f a n t .  A c u te ly  i l l .  
Colour and p u l s e  p o o r .  C onvu lsing  on a d m is s io n .  S igns  
o f  b roncho-pneum onia  i n  b o th  lu n g s .  Severe  spasm odic  
cough and whoop. 2 1 /5 /2 9  serum c a lc iu m  6 .5  mg. Died 
2 2 /5 /2 9 .
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Ca£6__l04. J.M. Male. TS. A dm itted  on 2 0 /5 /2 9 ,  h i s t o r y
o f  cough, whoop and c o n v u ls io n s .  on a d m iss io n  a w e l l
n o u r ish e d  i n f a n t .  A cu te ly  i l l .  Bronchopneumonia
p r e s e n t .  Convulsed 21 & 2 4 /5 /2 9 .  on 1 /6 /2 9  h i s  con­
d i t i o n  had improved and serum oa lc ium  was 7 .3  mg. 
D ism issed  w e l l  Z l j l / Z ^ .
Case 10 7 . M.D. Male, aged Z% y e a r s .  on a d m iss io n  a  w e l l
n o u r i s h e d  c h i l d .  Severe  spasm odic cough and whoop. 
Bronchopneumonia p r e s e n t  i n  b o th  lu n g s .  co n v u lsed  on 
2 3 /6 /2 9 ,  serum oaloium  7*7 mg. 2 6 /6 /2 9  o o n v u lse d .  
Lumbar p u n c tu re  15 c . c .  c l e a r  f l u i d  o b ta in e d .  t f lu id  
n o rm a l .  Died same day .
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The p e r io d  a t  whioh th e  o c c u rre n c e  o f  c o n v u ls io n s  i s  most 
common i s  d u r in g  th e  f i r s t  two y e a rs  o f  l i f e .  The f a c t o r s  
c o n t r i b u t i n g  to  the  in c re a s e d  in c id e n c e  a t  t h i s  p e r io d  a re  -
(1 ) C onvulsions i n  th e  new bo rn  due to  a sp h y x ia  o r  
i n j u r i e s  a t  b i r t h .
(2) The o ccu rren ce  o f  " i d i o p a t h ^ i o "  c o n v u ls io n s  i n  th e  
f i r s t  few months and
(3) The e f f e c t  o f  r i c k e t s  as a  p r e d i s p o s in g  cause  from
ro u g h ly  the  s i x  month to  th e  end o f  th e  second y e a r .
(18)
E er s t a t e s  t h a t  f i t s  a re  sometimes se e n  i n  compar­
a t i v e l y  m ild  c a se s  o f  whooping cough and t h a t  any sm a ll  i r r i ­
t a t i o n  i s  o f t e n  s u f f i c i e n t  to  p roduce  them i n  c h i l d r e n  who 
s u f f e r  from th e  nervous e x c i t a b i l i t y  so c h a r a c t e r i s t i c  o f  th e  
d i s e a s e .  He re g a rd s  them as due to  the  to x in s  o f  the  
d i s e a s e ,  and p o s t  mortem has n e v e r  found any g ro s s  l e s i o n s  i n  
th e s e  c a s e s .  In  h i s  o p in io n  c o n v u ls io n s  a re  most f r e q u e n t l y
found i n  o a se s  c o m p lica ted  by bronchopneum onia.
(19)
A c co rd in g  to  Heuburger th e  c o n v u ls io n s  i n  whooping
cough a r e  due to  sm a l l  a i r  em boli i n  th e  b r a i n  from d i s r u p t e d
pulm onary  c a p i l l a r i e s .
(13)
Powers th in k s  t h a t  th e y  a re  m a n i f e s t a t io n s  o f  l a t e n t
t e  t a n y .
( 2 0 )
On th e  o th e r  hand Bluohdom s t a t e s  t h a t  th e  absen ce  o f
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any  b e n e f i t  from l a r g e  doses o f  oalo ium  i n  whooping cough w i th  
c o n v u ls io n s  shows t h a t  the  symptoms a re  n o t  due to  spasmo­
p h i l i a .
( 21 )
H olt and Howland have ob se rv ed  t h a t  th e  s u b j e c t s  o f
c o n v u ls io n s  i n  whooping cough a re  u s u a l ly  r a c h i t i c  i n f a n t s .
I t  w i l l  be seen  from th e  h i s t o r i e s  o f  th e  s e v e re  o ases  
w i th  c o n v u ls io n s  i n  t h i s  s e r i e s  t h a t : -
( a )  A l l  were w e l l  n o u r ish e d  i n f a n t s .
(b) Hone had obvious s ig n s  o f  r i c k e t s .
(o )  A l l  had bronchopneum onia.
(d )  A l l  e x c e p t  one d ie d .
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(e )  A l l  e x ce p t  one were w i th in  th e  age p e r io d  (US’ -  2 y r s . i  
when r i o k e t s  and i n f a n t i l e  t e t a n y  a re  oommonest.
( f )  The serum oalo ium  was low i n  a l l  o a s e s .
Two were g iv e n  o r a l  oalo ium  and one in t r a v e n o u s  oalo ium  
b u t  i n  s p i t e  o f  t h i s  th e y  d ie d .  The e l e o t r i o a l  r e a c t i o n s  were
n o t  done i n  any  o f  th e s e  o a s e s .  In  o n ly  one oase  was th e
o e r e b r o - s p i n a l  f l u i d  examined and h e re  was found to  be n o rm a l.
Bronchopneum onia, a l th o u g h  p r e s e n t  in  a l l  c a se s  w i th  con­
v u l s i o n s ,  oanno t be th e  cause  o f  th e  low serum o a lc iu m , s in o e
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th e  serum  o a lc iu m  was found to  be normal i n  th e  s e r i e s  o f  
c o n t r o l  c a s e s .
I  t h in k  th e  e x tre m e ly  low serum ca lc ium  i s  s u f f i c i e n t  to  
a c c o u n t  f o r  th e  o o n v u ls io n s  in  a l l  o f  th e s e  c a s e s .  W hether 
t h i s  was due to  l a t e n t  t e t a n y  o r  n o t ,  I  am n o t  p re p a re d  to  
s a y .
CALCIUM THEHAPY HI WHOOP IHG COUCH.
I  do n o t  in te n d  to  d iso u s s  th e  q u e s t io n  o f  oa lo ium  th e ra p y  
i n  whooping cough a t  any g r e a t  l e n g t h .  Some t h i r t y  o ases  were 
g iv e n  ca lc ium -sod ium  l a o t a t e  g r .5  tw ice  d a i l y  over a  p e r io d  o f  
two w eeks. Three o ases  showed a d e f i n i t e  im provem ent. But 
i n  th e  o th e r s  t h e r e  was a b s o l u t e ly  no d im in u t io n  i n  e i t h e r  
spasms o r  s i c k n e s s .
For v a r io u s  re a so n s  f r e q u e n t  se ru m 'o a lo iu m  e s t im a t io n s  
c o u ld  n o t  be made and w ith o u t  t h i s  th e  r e s u l t s  o f  oalo ium  
a d m i n i s t r a t i o n  a r e ,  i n  my o p in io n  o f  no v a lu e .  I t  i s  p o s s i b l e  
t h a t  th e  ca lc iu m  was n o t  a b so rb ed , o r  t h a t  b e t t e r  r e s u l t s  
would have been  o b ta in e d  i f  v i ta m in e  L. o r u l t r a - v i o l e t  
r a d i a t i o n  had been a d m in is te re d  a t  th e  same t im e .
The f r e q u e n t  s ic k n e s s  and spasms which may be e x o i t e d  by 
th e  sw allow ing  o f  d ru g s ,  and th e  weak d i g e s t i o n ,  makes th e  
o r a l  a d m i n i s t r a t i o n  o f  oa lc ium  d i f f i c u l t ,  and I  do n o t  t h in k  
t h i s  method oan e v e r  be s a t i s f a c t o r y  i n  whooping oough.
Some form  o f  hypoderim io a d m i n i s t r a t i o n  would be muoh more 
d e p e n d a b le  and sho u ld  be a t te m p te d .
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C0HC1USI0HS.
1 . T hat t h e r e  i s  an a l t e r a t i o n  o f  th e  oaloium  m etabo lism  in  
whooping cough, th e  average  serum oalc ium  b e in g  d im in is h e d .
2 . T h a t ,  g e n e r a l l y ,  th e  more se v e re  and f r e q u e n t  th e  spasms 
th e  low er i s  the  serum oalo ium .
3 .  That c a se s  up to  2 y e a rs  o f  age a re  th e  most c o n s t a n t ly
and m arked ly  a f f e c t e d .
4 .  T hat th e  serum oa lc ium  i s  norm al i n  the  o ld e r  o a ses  ( 4 - 6
y e a r s )  o f  t h i s  s e r i e s  and t h a t  t h i s  i s  due to  th e  f a c t
t h a t  th e  o ld e r  c h i ld r e n  oan u t i l i s e  t h e i r  "oalo ium
r e s e r v e s ” , t h i s  b e in g  b ro u g h t  ab o u t by th e  a o i d o s i s .
5 .  T ha t th e  serum  oa lc ium  i s  low i n  a l l  oases  o o m p lica ted  by
c o n v u ls io n s ,  and t h a t  t h i s  low calc ium  c o n te n t  i s  s u f ­
f i c i e n t  to  a c c o u n t  f o r  the  co n v u ls io ns  i n  whooping cough.
6 . T ha t th e  low serum o a lc iu m  i s  no t  the  s o le  cau se  o f  th e
spasms s in c e  th e  o ld e r  s e v e re  cases  had oa lc ium  o o n te n ts
w i t h i n  norm al l i m i t s .
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7. T hat th e  o r a l  a d m i n i s t r a t i o n  o f  ca lc ium  a lo n e  i s  u s e l e s s
i n  whooping cough.
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